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(54) PROTON-CONDUCTIVE BODY AND ELECTROCHEMICAL ELEMENT USING THE 
PROTON-CONDUCTIVE BODY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a conductive body excellent in proton conductivity 
and workability, by using a compound mainly composed of silicon oxide and a Bronsted acid, 
and a sulfonate of a block copolymer composed of conjugate diene units and aromatic vinyl 
units. 

SOLUTION: A compound mainly composed of silicon oxide and a Bronsted acid is used as an 
inorganic compound used for a proton-conductive body. An organic compound comprising 
sulfonate as a block copolymer composed of conjugate diene units and aromatic vinyl units is 
used as a binder. Preferably, phosphoric acid or its derivative is used as the Bronsted acid 
added to silicon oxide. The Bronsted acid acts as a donor of protons and the silicon oxide has 
a structure with -OH groups joined to its surface in high concentration as end groups. 
Because protons in the -OH groups perform proton hopping motion, high proton conductivity 
is exhibited. This proton-conductive body is effective as electrolyte for electrochemical 
elements. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]A proton conductor consisting of a compound which makes silicon oxide and 
Bronsted acid a subject, and a sulfonation thing of a block copolymer which consists of a 
conjugated diene unit and an aromatic vinyl unit. 

[Claim 2]A proton conductor consisting of a sulfonation thing of a compound which makes 

silicon oxide and Bronsted acid a subject, and a hydrogenation thing of a block copolymer 

which consists of a conjugated diene unit and an aromatic vinyl unit. 

[Claim 3]Claim 1, wherein a compound which makes said silicon oxide and Bronsted acid a 

subject is compounded by a sol-gel method, or a proton conductor given in 2. 

[Claim 4]The proton conductor according to claim 3, wherein a compound which makes a 

subject silicon oxide compounded by said sol-gel method and Bronsted acid is heated at not 

less than 100 ** the temperature of 200 ** or less. 

[Claim 5]Claim 1 , wherein said Bronsted acid is phosphoric acid or its derivative, or a proton 
conductor given in 2. 

[Claim 6]A compound which makes said silicon oxide and Bronsted acid a subject is 
compounded from sol containing phosphoric acid and a silicon alkoxide, Claim 1 , wherein the 
mixture ratio to a silicon alkoxide of phosphoric acid contained in said sol is 0.5 or less in a 
mole ratio, or a proton conductor given in 2. 

[Claim 7]Claim 1 , wherein said Bronsted acid is perchloric acid or its derivative, or a proton 
conductor given in 2. 

[Claim 8]An electrochemical element using the proton conductor according to any one of 
claims 1 to 7. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to electrochemical elements which use a proton as 
conduction ionic species, such as a proton conductor and a fuel cell using this proton 
conductor further. 
[0002] 

[Description of the Prior ArtJThe substance to which ion moves the inside of a solid is 
energetically studied as a material which constitutes electrochemical elements including a cell. 

The ion conductor of various conduction ionic species, such as present Li + , Ag + , Cu + , H + , and 

F " , is found out. 

The application to various electrochemical elements, such as a fuel cell and an electrochromic 

display device, is expected that what uses a proton (H + ) as conduction ionic species especially 
is shown below. 

[0003]ln the fuel cell which used hydrogen as fuel, the reaction of H 2 ->2H + +2e " arises, the 

proton generated by this reaction moves in the inside of an electrolyte - an air pole - 0(1/2) 

2 +2H + ->H 2 0 - it is consumed by a reaction. That is, the fuel cell which uses hydrogen as fuel 

can be constituted by using a proton conductor as an electrolyte. Development of the polymers 
solid oxide fuel cell which used the ion-exchange membrane as a proton conductor is 
performed briskly now, and the application to the power supply for deferment, the power 
supply for electromobiles, etc. is expected. 

[0004]On the other hand, change of a color produces transition metal oxides, such as tungstic 
oxide and molybdenum oxide, by receipts and payments of the proton to the ion site in a 
crystalline lattice. For example, although tungstic oxide is light yellow, it assumes blue by a 
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proton being inserted into a crystalline lattice by the electrochemical reaction expressed with 
WO-+xH + +xe " ->H WO„. Since this reaction arises reversibly, it becomes the material of an 

3 X O 

electrochromic display device or dimming glass, but in that case, it is required to use the thing 
of proton conductivity as an electrolyte. 

[0005]As mentioned above, various electrochemical elements can consist of using a proton 
conductor as an electrolyte. The proton conductor used since such an electrochemical element 
is constituted, It is required near a room temperature to show high proton conductivity, and as 
such a proton conductor, Organic matters, such as a polymers ion-exchange membrane with 
the side chain which contains perfluoro sulfonic acid in inorganic substances, such as a uranyl 
phosphoric acid hydrate or a molybdophosphoric acid hydrate, or vinyl fluoridation system 
polymers, are known. 

[0006]However, since the proton in crystal water had contributed the above-mentioned 
inorganic proton conductor to conduction, under the elevated temperature, crystal water ****ed 
and the technical problem to which proton conductivity falls occurred. 
[0007]The next characteristic is needed for the fuel cell as an electrochemical element 
produced by applying a proton conductor, and the electrochromic display device. 
[0008]As for the fuel cell, promising ** of the use as a power supply for [ the object for 
deferment for electromobiles, etc. ] generating a high current comparatively is carried out. 
For that purpose, it is necessary to constitute the solid electrolyte layer of a large area. 

[0009]One of the advantages of an electrochromic display device is a size of an angle of 
visibility. Since an electrochromic display device does not use a polarizing plate like a liquid 
crystal display panel, it can be recognized from a large angle. When an electrochromic 
element displays a large area, it is more effective compared with other display devices, such 
as a liquid crystal display element, than compared with this characteristic, and also in order to 
use it for such a use, large area-ization of the electrolyte layer serves as indispensable art. 
[0010]Vacuum deposition, the cast method, etc. are mentioned as a method of forming an 
inorganic substance filmy. 

[001 1]However, it is difficult to become what has high cost in the thin-film-forming method by 
vacuum deposition, and also to obtain the thin film of a large area. 

[0012]Although the cast method is a method of obtaining the proton conductivity thin film of a 
large area by carrying out the cast of the sol containing a proton conductor on a substrate, and 
gelling it, the fine pores formed when a solvent evaporates in the thin film obtained by such a 
method exist. As a result, since the active material of a fuel cell is a gas of hydrogen and 
oxygen when applying a proton conductor to a fuel cell, for example, these gases pass the fine 
pores of proton conductor gel, and there is a problem to which generation efficiency falls. 
[0013]Such a technical problem is solved and the method of adding and composite-izing 
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plastic resin to solid electrolyte powder as one method of producing the electrolyte layer of a 
large area is proposed. 

[001 4] However, when the compound which proton conduction produces with the crystal water 
described previously is composite-ized with plastic resin. Since hopping movement of the 
proton between crystal water was checked with plastic resin, or proton conductivity fell, that 
crystal water ****s in an elevated temperature also had the technical problem that proton 
conductivity fell. 

[0015]Although an ion-exchange membrane has an advantage from which the film of the large 
area which was comparatively easily excellent in processability is obtained, it is expensive at 
present. 

Furthermore, development of the proton conductor of low cost was desired. 

When ion-exchange resin shows high ion conductivity and water content dried it only in the 

high state (tens of %), it also had the technical problem that proton conductivity fell. 

[0016] 

[Problem(s) to be Solved by the lnvention]Artificers solved the above technical problem, were 
excellent in proton conductivity, and in order to obtain the proton conductor which does not 
have the fall of proton conductivity under a drying atmosphere, they proposed the proton 
conductor from the compound which makes silicon oxide and Bronsted acid a subject, and the 
polymer which has a sulfone group in a side chain. 

[0017]Mechanical properties, such as tensile strength of the polymer which has a sulfone 
group in a side chain, and flexibility, change greatly with selections of a principal chain part. 
That is, when selection of a main chain is not appropriate, it can become what has the scarce 
processability of the acquired proton conductivity. 

[0018]ln the polymer which has a sulfone group in a side chain, especially, this invention 
chooses a desirable polymer and an object of this invention is to provide the proton conductor 
which excelled proton conductivity in processability. 
[0019] 

[Means for Solving the Problem]A proton conductor is obtained from a compound which makes 
silicon oxide and Bronsted acid a subject, and a sulfonation thing of a block copolymer which 
consists of a conjugated diene unit and an aromatic vinyl unit. 

[0020]A proton conductor is obtained from a sulfonation thing of a compound which makes 
silicon oxide and Bronsted acid a subject, and a hydrogenation thing of a block copolymer 
which consists of a conjugated diene unit and an aromatic vinyl unit. 

[0021]What was compounded by a sol-gel method is used as a compound which makes silicon 
oxide and Bronsted acid a subject. 

[0022]A compound which makes a subject silicon oxide compounded by a sol-gel method and 
Bronsted acid is heated and used at not less than 1 00 ** the temperature of 200 ** or less. 
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[0023]Phosphoric acid or its derivative is used as Bronsted acid. The mixture ratio to a silicon 
alkoxide of phosphoric acid and phosphoric acid contained in said sol using what was 
compounded from sol containing a silicon alkoxide is made or less into 0.5 by a mole ratio as a 
compound which makes silicon oxide and Bronsted acid a subject. 

[0024]Perchloric acid or its derivative is used as Bronsted acid. An electrochemical element is 

obtained using any of the above, or a proton conductor. 

[0025] 

[Embodiment of the lnvention]As the proton conductor by this invention consists of an 
inorganic compound and a high molecular compound and it indicated to claim 1, It is 
characterized by an inorganic compound's being a compound which makes silicon oxide and 
Bronsted acid a subject, and being a sulfonation thing of the block copolymer in which a high 
molecular compound consists of a conjugated diene unit and an aromatic vinyl unit. 
[0026]lt is a compound which makes silicon oxide and Bronsted acid of a statement point ** by 
artificers with a subject as an inorganic compound used for the proton conductor of this 
invention. If Bronsted acid is added to silicon oxide, Bronsted acid will act as a donor of a 
proton and it will become the structure which - OH radical combined at high concentration as 
an end group on the surface of silicon oxide. In order that the proton of this - OH radical may 
perform hopping movement, high proton conductivity is shown. 

[0027]Although the silica gel which supported sulfuric acid on the surface is mentioned as a 
proton conductor using the silicon oxide known until now, in the proton conductor obtained by 
this invention, change is seen by the position of the infrared absorption spectrum by - OH 
radical with the concentration of Bronsted acid. From this, not only the thing with which the 
proton conductor by this invention only supported acid on the surface but silicon oxide and 
Bronsted acid form a compound. 

[0028]When the substance which proton conduction produces with crystal water is used, under 
a drying atmosphere, proton conductivity falls by losing crystal water. To it, in the proton 
conductor by this invention, proton conduction has happened focusing on - OH radical 
combined with the silicon oxide surface, and since it is hard to be desorbed from - OH radical 
which carried out the chemical bond in this way also under a drying atmosphere, the fall of 
proton conductivity is hardly produced. 

[0029]However, the proton conductor obtained from such silicon oxide and Bronsted acid, It is 
a thing of a hard weak solid state, and since the powder particle at the time of grinding further 
is lacking in moldability, in order to apply to a practical use element, it needs to improve the 
moldability and the processability of a proton conductor by composite-ization with a binding 
material etc. 

[0030]lt is necessary to use here the substance which does not bar proton conductivity as a 
substance used as a binding material. High moldability and processability can be given by 
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using the polymer which has a sulfone group in a side chain as a binding material, the proton 
of - OH radical combined with the silicon oxide surface being able to move via -SCy of a 

sulfone group, and maintaining high proton conductivity. 

[0031 ]As a polymer which has a sulfone group used here in a side chain, the sulfonation thing 
of the block copolymer in which ******** becomes claim 1 from a value diene unit and an 
aromatic vinyl unit is preferred. The proton conductor which is rich in processability, such as a 
mechanical strength and flexibility, by using such a polymer especially in addition to high ion 
conductivity can be obtained. 

[0032]ln this invention, a "unit" shows the structure of each monomer origin after a monomer 
carries out a radical polymerization. The conjugated diene unit which constitutes the 
sulfonation thing used for this invention is the structure after a conjugated diene compound 
polymerizes. As an example of a conjugated diene compound, for example 1,3-butadiene, 1,2- 
butadiene, 1 ,2-pentadiene, 1,3-pentadiene, 2,3-pentadiene, isoprene, 1 ,2-hexadiene, 1,3- 
hexadiene, 1 ,4-hexadiene, 1 ,5-hexadiene, 2,3-hexadiene, 2,4-hexadiene, 2,3-dimethyl-1,3- 
butadiene, 2-ethyl-1 ,3-butadiene, 1, 2-heptadiene, 1 , 3-heptadiene, 1 , 4-heptadiene, 1, 5- 
heptadiene, 1 , 6-heptadiene, 2, 3-heptadiene, The aliphatic series or the alicycle fellows diene 
compound of the branched carbon numbers 4-7 besides being 2,5-heptadiene, 3,4- 
heptadiene, 3,5-heptadiene, a cyclopentadiene, a dicyclopentadiene, ethylidene norbornene, 
etc. is mentioned. These are one-sort independent, or can use together and use two or more 
sorts. They are 1 ,3-butadiene and isoprene preferably among these. 

[0033]An aromatic vinyl unit is the structure after an aromatic vinyl compound polymerizes. As 
an example of an aromatic vinyl compound, styrene, alpha-methylstyrene, o-methylstyrene, p- 
methylstyrene, m-methylstyrene, vinylnaphthalene, etc. are mentioned. These are one-sort 
independent, or two or more sorts can be used together and used for them. 
[0034]These compounds can be used as a monomer and a block copolymer can be 
compounded with publicly known polymerization methods, such as anionic polymerization. As 
a desirable block copolymer, a styrene isoprene block copolymer, 2 yuan block copolymers, 
such as a styrene butadiene block copolymer; Styrene isoprene styrene block copolymer, 
Although 3 yuan block copolymers, such as styrene butadiene styrene block copolymer and a 
butadiene styrene butadiene block copolymer, etc. are mentioned, a 4 yuan or more block 
copolymer can also be used arbitrarily. It is the above-mentioned 3 yuan block copolymer 
especially preferably. 

[0035]As a sulfonation thing of the block copolymer which consists of a conjugated diene unit 
and an aromatic vinyl unit, the hydrogenation thing indicated to claim 2 is preferred. A non- 
hydrogenation thing is carrying out hydrogenation of the block copolymer to being an 
elastomer in which the double bond over which a bridge is not constructed exists, It becomes 
what has the high tensile strength of the proton conductor which the chain union phase which 
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is equivalent to the point constructing a bridge by thermoplastic elastomer is made, and is 
obtained as a result, and oxidation resistance will also become high. 
[0036]The hydrogenation thing of the block copolymer according to claim 2 is obtained by 
carrying out hydrogenation of the conjugated diene unit of the above-mentioned block 
copolymer using a publicly known catalyst and publicly known conditions. 
[0037]Restriction in particular does not have the weight average molecular weight (Mw) of the 
above-mentioned block copolymer and its hydrogenation thing, and it is 3,000 to about 
1,000,000 in polystyrene conversion. 

[0038]The sulfonation thing used for this invention is obtained by sulfonating the above- 
mentioned block copolymer or its hydrogenation thing on publicly known conditions using 
publicly known sulfonating agents, such as a sulfuric anhydride, a sulfuric anhydride / electron 
donative compound complex, concentrated sulfuric acid, fuming sulfuric acid, and 
chlorosulphonic acid. 

[0039]The desirable sulfonation rate of the sulfonation thing used for this invention is 3-mol % - 
60-mol %, and is desirable from viewpoints of solubility etc. to the organic solvent of a 
sulfonation thing. [ especially 5 mol % - 30 mol% of ] Here, a "sulfonation rate" expresses the 
rate of the sulfonated unit in the total monomer unit in a polymer with mol %. 
[0040]There is no restriction in particular in the counter ion of a sulfonic group, and a proton, 
lithium salt, sodium salt, potassium salt, etc. are used. 

[0041]As a desirable sulfonation thing, the structural formula of the styrene ghost of styrene 
isoprene styrene block copolymer is shown by (** 1), for example. However, the inside (** 1) M 
shows metal atoms, such as a hydrogen atom or Li, Na, and K. 
[0042] 
[Formula 1] 




[0043]Most - OH radicals combined with silicon oxide exist in the silicon oxide surface. The 
compound which makes a subject the silicon oxide compounded by the sol-gel method and 
Bronsted acid becomes a thing of high surface area, and can make density of - OH radical 
high. As a result, since it becomes the thing excellent in proton conductivity, the sol-gel method 
which indicated silicon oxide and Bronsted acid to claim 3 as a synthetic method of the 
compound made into a subject is used preferably. 
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[0044]The solution exists in the compound which makes a subject the silicon oxide obtained by 
the above-mentioned sol-gel method, and Bronsted acid all over a fine hole, and Bronsted acid 
exists in this solution. Therefore, it becomes unstable [ the characteristic ] easily that the 
presentation of a solution changes with change of temperature or the water vapor pressure in 
the atmosphere, and proton conductivity changes etc. For this reason, by heating at the 
temperature of not less than 100 **, the moisture which exists all over a fine hole is removed, it 
becomes the structure which Bronsted acid combined with the amorphous skeleton, and, as a 
result, the characteristic is stable. For example, when obtaining the compound which makes 
silicon oxide and phosphoric acid a subject, using phosphoric acid as Bronsted acid, in what 
was heat-treated at a temperature lower than 100 **. The absorption peak which belongs to 

P0 4 3 " appears in the infrared absorption spectrum, and it is thought that the phosphoric acid 

aqueous solution exists all over the fine hole of a compound. When it heats with still higher 

heat treatment temperature to it, the intensity of the absorption peak which belongs to P0 4 

falls, and the absorption peak which belongs to the structure of Si-O-P in connection with it 
appears. It has suggested that the used phosphoric acid combined this with the amorphous 
skeleton, and, as a result, the structure of a compound and the characteristic are stabilized. 
[0045]When cooking temperature exceeds 200 **, proton conductivity falls because a 
compound which makes silicon oxide and Bronsted acid a subject decomposes by dehydration 
and crystallizes. In order to stabilize the characteristic of a proton conductor, without reducing 
proton conductivity, it is more desirable than the above thing to heat a compound which makes 
a subject silicon oxide compounded by a sol-gel method and Bronsted acid at not less than 
100 ** the temperature of 200 ** or less. 

[0046] Phosphoric acid or its derivative is trivalent Bronsted acid, When a proton conductor is 
compounded using this acid, it becomes what has high proton concentration, and since a 
proton conductor in which high ion conductivity is shown is obtained, as Bronsted acid, 
phosphoric acid or its derivative is used especially preferably. 

[0047]ln a compound which made silicon oxide and plain Stead acid a subject, it becomes 
what has high -OH concentration in an obtained compound, and high proton conductivity is 
shown, so that there is much content of Bronsted acid. However, when phosphoric acid is used 
as Bronsted acid, when content of phosphoric acid is too much high, Since not only the 
processability and moldability fall, but proton conductivity which an obtained compound 
showed deliquescence and in which it was able to grow in a humid atmosphere swells and the 
electrical property of a proton conductor changes, the characteristic of an electrochemical 
element using this falls. Therefore, a compound which makes silicon oxide and Bronsted acid 
a subject, When compounding from sol containing phosphoric acid and a silicon alkoxide, it is 
preferred that a compound obtained by making or less into 0.5 the mixture ratio to a silicon 
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alkoxide of phosphoric acid contained in sol by a mole ratio shall not show deliquescence. 
[0048]Since the operation of perchloric acid as a proton donor is strong, when this Bronsted 
acid is used as a dopant to silicon oxide, it becomes what has the high proton conductivity of a 
compounded proton conductor. As Bronsted acid, perchloric acid is especially used preferably 
from this. 

[0049]Since a proton conductor produced by doing in this way can be formed filmy [ a large 
area ] comparatively easily, it is effective as an electrolyte for electrochemical elements. 
[0050] 

[Example]Hereafter, this invention is explained in detail using an example. 

[0051]What was used by the following examples and comparative examples as a sulfonation 

thing of the copolymer which consists of a conjugated diene unit and an aromatic vinyl unit was 

summarized in (Table 1). 

[0052] 

[Table 1] 



No. 








a* 


ft?* . 


fb* 






1 


nmm\ 


(10/80/10) 


150000 


5 


Li 




2 


*&N2 


(10/80/10) 


150000 


20 


L i 




3 




BSB7D 

0>*SUJ(2O/6O/2O) 


100000 


5 


H 


>{fc 


4 


mm a 


m7V 

<0*Stt (20/60/20) 


100000 


20 


H 




5 




vri/> 


100000 


5 


L i 




6 


ittt«2 




100000 


20 


Li 





[0053](Example 1) In this example, the silica gel which doped phosphoric acid is used as a 
compound which makes silicon oxide and Bronsted acid a subject, The example which 
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produced the proton conductor is described using the sulfonated styrene isoprene styrene 
block copolymer which was shown by 1 of Table 1 as a sulfonation thing of the block 
copolymer which consists of a conjugated diene unit and an aromatic vinyl unit. 
[0054]First, the silica gel which doped phosphoric acid was compounded by the following 
methods. It diluted in ethanol, using a tetraethoxysilane (TEOS) as a starting material for 
compounding silica gel. It was made for the mixture ratio of TEOS and ethanol to be set to 1 :4 
by a mole ratio at this time. Further, pure water was added to this solution so that HCI might 
similarly be set [ hydrochloric acid aqueous solution / 8 and / 3.6wt% ] to 0.01 in 0.01 and 
tetraethylammonium tetrafluoroborate by a mole ratio to TEOS to TEOS by a mole ratio, and it 
stirred for 5 minutes. Then, the 85wt% phosphoric acid aqueous solution was added so that it 
might be set to TEOSihLPO =1:0.5, and it stirred in the well-closed container for 3 hours. 

OH 

Finally it gelled for 5 hours and the silica gel which heated at 150 ** for 2 hours, and doped 
phosphoric acid was obtained. 

[0055]The weight average molecular weight to which styrene isoprene styrene block 
copolymer carried out block copolymerization of the monomeric unit by the ratio of 10:80:10 is 
a thing of 150000. The sulfonation thing which sulfonated this block copolymer 5% and 
sulfonated the isoprene portion preferentially was obtained. 

[0056]The silica gel which doped the phosphoric acid obtained as mentioned above was 
ground, and it stirred in the toluene solution of a sulfonation thing. However, it was made for 
the ratio of silica gel to a sulfonation thing to be set to 20:1 by a weight ratio. At the end, the 
solvent was volatilized, stirring and the proton conductor was obtained. 
[0057]Thus, the ionic conductivity of the obtained proton conductor was measured by the 
following methods. Pressing of the 200 mg was carried out for the proton conductor to the 
pellet type of 10 mmphi, gold foil was welded by pressure to the both sides, and it was 
considered as the electrode for ionic conductivity measurement. Thus, the ionic conductivity of 
these proton conductors at each temperature was measured by the alternating-current- 
impedance method using the constituted electrochemical cell. As a result, the ionic 

conductivity at 25 ** was 5.2x1 0" 6 S/cm. 

[0058]lt put in the desiccator into which diphosphorus pentaoxide was put by using this proton 
conductor as a drier, and saved for seven days at the temperature of 100 **, and when ionic 
conductivity was measured after that, most falls of conductivity were not observed. 
[0059]According to this invention, it turned out that high ion conductivity is shown and the 
proton conductor which does not have the fall of ionic conductivity under a drying atmosphere 
is obtained as mentioned above. 

[0060](Example 2) In this example, the proton conductor was produced by the same method 
as Example 1 except having used the sulfonated styrene isoprene styrene block copolymer 
which was shown by 2 of Table 1 as a sulfonation thing of the block copolymer which consists 
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of a conjugated diene unit and an aromatic vinyl unit. 

[0061 ]The weight average molecular weight to which styrene isoprene styrene block 
copolymer carried out block copolymerization of the monomeric unit by the ratio of 10:80:10 is 
a thing of 150000. The sulfonation thing which sulfonated this block copolymer 20% and 
sulfonated the isoprene portion preferentially was obtained. 

[0062]Using the sulfonation thing obtained as mentioned above, the proton conductor was 
created by the same method as Example 1 , and the ionic conductivity was measured. The 

ionic conductivity at 25 ** obtained as a result was 1 .IxlO^S/cm. 

[0063]lt put in the desiccator into which diphosphorus pentaoxide was put by using this proton 
conductor as a drier, and saved for seven days at the temperature of 100 **, and when ionic 
conductivity was measured after that, most falls of conductivity were not observed. 
[0064]According to this invention, it turned out that high ion conductivity is shown and the 
proton conductor which does not have the fall of ionic conductivity under a drying atmosphere 
is obtained as mentioned above. 

[0065](Example 3) Except having used the hydrogenation thing of the sulfonated butadiene 
styrene butadiene block copolymer which was shown by 3 of Table 1 in this example as a 
sulfonation thing of the block copolymer which consists of a conjugated diene unit and an 
aromatic vinyl unit, The proton conductor was produced by the same method as Example 1 . 
[0066]The weight average molecular weight which the hydrogenation thing of the butadiene 
styrene butadiene block copolymer made carry out block copolymerization of the monomeric 
unit by the ratio of 20:60:20, and carried out hydrogenation is a thing of 100000. The 
sulfonation thing which sulfonated this block copolymer 5% and sulfonated the aromatic moiety 
of styrene preferentially was obtained. 

[0067]Using the sulfonation thing obtained as mentioned above, the proton conductor was 
created by the same method as Example 1, and the ionic conductivity was measured. The 

ionic conductivity at 25 ** obtained as a result was 7.1x10" S/cm. 

[0068] It put in the desiccator into which diphosphorus pentaoxide was put by using this proton 
conductor as a drier, and saved for seven days at the temperature of 100 **, and when ionic 
conductivity was measured after that, most falls of conductivity were not observed. 
[0069]According to this invention, it turned out that high ion conductivity is shown and the 
proton conductor which does not have the fall of ionic conductivity under a drying atmosphere 
is obtained as mentioned above. 

[0070](Example 4) Except having used the hydrogenation thing of the sulfonated butadiene 
styrene butadiene block copolymer which was shown by 4 of Table 1 in this example as a 
sulfonation thing of the block copolymer which consists of a conjugated diene unit and an 
aromatic vinyl unit, The proton conductor was produced by the same method as Example 1 . 
[0071]The weight average molecular weight which the hydrogenation thing of the butadiene 
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styrene butadiene block copolymer made carry out block copolymerization of the monomeric 
unit by the ratio of 20:60:20, and carried out hydrogenation is a thing of 100000. The 
sulfonation thing which sulfonated this block copolymer 20% and sulfonated the aromatic 
moiety of styrene preferentially was obtained. 

[0072]Using the sulfonation thing obtained as mentioned above, the proton conductor was 
created by the same method as Example 1 , and the ionic conductivity was measured. The 

ionic conductivity at 25 ** obtained as a result was LSxIO^S/cm. 

[0073]lt put in the desiccator into which diphosphorus pentaoxide was put by using this proton 
conductor as a drier, and saved for seven days at the temperature of 100 **, and when ionic 
conductivity was measured after that, most falls of conductivity were not observed. 
[0074]According to this invention, it turned out that high ion conductivity is shown and the 
proton conductor which does not have the fall of ionic conductivity under a drying atmosphere 
is obtained as mentioned above. 

[0075](Comparative example 1) The proton conductor was produced by the same method as 
Example 1 except having used the sulfonated polyisoprene polymer which was shown by 5 of 
Table 1 as a sulfonation thing of polymers other than the block copolymer which consists of a 
conjugated diene unit and an aromatic vinyl unit for comparison. 

[0076]As for the polyisoprene polymer, weight average molecular weight used the thing of 
100000. The sulfonation thing which sulfonated this block copolymer 5% and sulfonated the 
isoprene portion was obtained. 

[0077]Using the sulfonation thing obtained as mentioned above, the proton conductor was 
created by the same method as Example 1, and the ionic conductivity was measured. The 

ionic conductivity at 25 ** obtained as a result was 2.5x1 0" 6 S/cm. 

[0078]lt put in the desiccator into which diphosphorus pentaoxide was put by using this proton 
conductor as a drier, and saved for seven days at the temperature of 100 **, and when ionic 
conductivity was measured after that, most falls of conductivity were not observed. 
[0079](Comparative example 2) The proton conductor was produced by the same method as 
Example 1 except having used the sulfonated polyisoprene polymer which was shown by 6 of 
Table 1 as a sulfonation thing of polymers other than the block copolymer which consists of a 
conjugated diene unit and an aromatic vinyl unit for comparison. 
[0080]As for the polyisoprene polymer, weight average molecular weight used the thing of 
100000. The sulfonation thing which sulfonated this block copolymer 20% and sulfonated the 
isoprene portion was obtained. 

[0081]Using the sulfonation thing obtained as mentioned above, the proton conductor was 
created by the same method as Example 1, and the ionic conductivity was measured. The 

ionic conductivity at 25 ** obtained as a result was 4.8x1 0 S/cm. 
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[0082]lt put in the desiccator into which diphosphorus pentaoxide was put by using this proton 
conductor as a drier, and saved for seven days at the temperature of 100 **, and when ionic 
conductivity was measured after that, most falls of conductivity were not observed. 
[0083]The hauling examination of the proton conductor obtained by Example 1 - Example 4 
and the comparative example 1 , and the comparative example 2 was done. The result is 
shown in Table 2. All over Table 2, the sample of No.6 was shown for the pace of expansion in 
the point of rupture, and tensile strength as 1 .0. The ionic conductivity measured above for 
reference was shown. 
[0084] 
[Table 2] 



No. 




4ttt«r«f£ (No.6cds*#* i trz>) 








1* * 




f S/cm] 


1 


mmmi 


3. 7 


4. 9 


5. 2 x 1 0_« 


2 


mmm2 


I. 5 


1 . 2 


1 . 1 x I 0-4 


3 


mmm3 


5. 5 


5. 7 


7, 1 x 1 0-s 


4 


mmm4 


2. ! 


2. 8 


] . 8x10-4 


5 




2. 6 


3. 4 


4 . 0x10-* 


6 


tmm 2 


1 . 0 


1 . 0 


8 . 3x10-5 



[0085]The above result shows that the proton conductor obtained by Example 2, Example 4, 
and the comparative example 2 shows ion conductivity higher than the proton conductor 
obtained by Example 1, Example 3, and the comparative example 1. The proton conductor 
obtained in Example 1 and Example 3, It turns out that the proton conductor which showed 
tensile strength and a pace of expansion higher than the comparative example 1, showed still 
higher ionic conductivity, and was obtained in Example 2 and Example 4 shows tensile 
strength and a pace of expansion higher than the comparative example 2, and still higher ionic 
conductivity is shown. 

[0086]That is, when a polymer with a high sulfonation rate is used, high ion conductivity is 
shown, and when the sulfonation thing of the block copolymer which consists of a conjugated 
diene unit and an aromatic vinyl unit when a sulfonation rate is the same is used, high tensile 
strength and a pace of expansion are shown, although the ion conductivity it is higher to boil 
when the sulfonation thing of the block copolymer which consists of a conjugated diene unit 
and an aromatic vinyl unit when a sulfonation rate is the same is used was shown, Since the 
mechanical strength of the polymer increased, this is considered because the junction nature 
between the silica gel particles which doped phosphoric acid used as the main place of ion 
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conduction increased. 

[0087]The above thing showed that the proton conductor it had a proton conductor, and high 
ion conductivity and processability (mechanical strength) according to this invention was 
obtained. 

[0088](Example 5) In this example, the proton conductor was produced by the same method 
as Example 4 except having changed the cooking temperature of the compound which makes 
silicon oxide and Bronsted acid a subject. 

[0089]First, the silica gel which doped phosphoric acid was compounded by the following 
methods. As a starting material for compounding silica gel, it diluted in ethanol using the 
tetraethoxysilane (TEOS) like Example 1. It was made for the mixture ratio of TEOS and 
ethanol to be set to 1 :4 by a mole ratio at this time. Further, pure water was added to this 
solution so that HCI might similarly be set [ hydrochloric acid aqueous solution / 8 and / 
3.6wt% ] to 0.01 in 0.01 and tetraethylammonium tetrafluoroborate by a mole ratio to TEOS to 
TEOS by a mole ratio, and it stirred for 5 minutes. Then, the 85wt% phosphoric acid aqueous 
solution was added so that it might be set to TEOS:H 3 PO 4 =1:0.5, and it stirred in the well- 
closed container for 3 hours. Finally it gelled for 5 hours and the silica gel which heated at the 
temperature of 60 ** - 250 ** for 2 hours, and doped phosphoric acid was obtained. It did not 
heat-treat for comparison but the silica gel which doped phosphoric acid was obtained. 
[0090]lf it was as a sulfonation thing of the block copolymer which consists of a conjugated 
diene unit and an aromatic vinyl unit, the sulfonated same ************. styrene butadiene block 
copolymer as Example 4 was used. 

[0091 ]The silica gel which doped the phosphoric acid obtained as mentioned above was 
ground, and it stirred in the toluene solution of a sulfonation thing. However, it was made for 
the ratio of silica gel to a sulfonation thing to be set to 20:1 by a weight ratio. At the end, the 
solvent was volatilized, stirring and the proton conductor was obtained. 
[0092]Thus, the ionic conductivity of the obtained proton conductor was measured by the same 
method as Example 1. The relation between the ionic conductivity in the room temperature 
acquired as a result and the cooking temperature of the silica gel which doped phosphoric acid 
is shown in drawing 1 . However, about the result of having used the silica gel which did not 
heat-treat in drawing 1 , heat treatment temperature is shown as 25 ** of a room temperature. 
[0093]When cooking temperature was 200 ** or less, ionic conductivity shows the high value 

exceeding 10' 4 S/cm, and this result showed that the proton conductor which has high ion 
conductivity could be obtained because cooking temperature shall be 200 ** or less. 
[0094]When the tensile strength of the proton conductor obtained in this example was 
investigated, the almost same pace of expansion and tensile strength as what obtained any 
proton conductor in Example 4 were shown. 

[0095]When it put in the desiccator into which diphosphorus pentaoxide was put by using this 
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proton conductor as a drier, it saved for seven days at 100 ** and ionic conductivity was 
measured after that, most falls of conductivity were not observed about what heat-treated 
above 100 **, but. About what did not heat-treat, and the thing which heat-treated at 60 **, the 
fall of the ionic conductivity of an about single figure was seen. 

[0096]As mentioned above, according to not less than 100 ** this invention which shall be 200 
** or less, the cooking temperature of the compound which makes a subject the silicon oxide 
compounded by the sol-gel method, and Bronsted acid. It turned out that the proton conductor 
which shows high ion conductivity and processability and does not have the fall of ionic 
conductivity under a drying atmosphere is obtained. 

[0097](Example 6) In this example, the proton conductor was produced by the same method 
as Example 4 except having changed TEOS at the time of obtaining the compound which 
makes silicon oxide and Bronsted acid a subject, and the mixture ratio of H 3 P0 4 . 

[0098]First, the silica gel which doped phosphoric acid was compounded by the following 
methods. As a starting material for compounding silica gel, it diluted in ethanol using the 
tetraethoxysilane (TEOS) like Example 1 . It was made for the mixture ratio of TEOS and 
ethanol to be set to 1:4 by a mole ratio at this time. Further, pure water was added to this 
solution so that HCI might similarly be set [ hydrochloric acid aqueous solution / 8 and / 
3.6wt% ] to 0.01 in 0.01 and tetraethylammonium tetrafluoroborate by a mole ratio to TEOS to 
TEOS by a mole ratio, and it stirred for 5 minutes. Then, the 85wt% phosphoric acid aqueous 
solution was added so that it might be set to TEOS:H 3 PO 4 =1:0.2 - 1.0, and it stirred in the 

well-closed container for 3 hours. Finally it gelled for 5 hours and the silica gel which heated at 
the temperature of 150 ** for 2 hours, and doped phosphoric acid was obtained. 
[0099]lf it was as a sulfonation thing of the block copolymer which consists of a conjugated 
diene unit and an aromatic vinyl unit, the sulfonated same butadiene styrene butadiene block 
copolymer as Example 4 was used. 

[0100]The silica gel which doped the phosphoric acid obtained as mentioned above was 
ground, and it stirred in the toluene solution of a sulfonation thing. However, it was made for 
the ratio of silica gel to a sulfonation thing to be set to 20:1 by a weight ratio. At the end, the 
solvent was volatilized, stirring and the proton conductor was obtained. 
[0101]Thus, the ionic conductivity of the obtained proton conductor was measured by the same 
method as Example 1 . The relation of the cooking temperature of the ratio (H 3 P0 4 /TEOS) of 

TEOS in the sol used when obtaining the silica gel which doped the ionic conductivity and 
phosphoric acid in the room temperature acquired as a result to phosphoric acid is shown in 
drawing 2. 

[01 02]lt turned out that the proton conductor in which high proton conductivity is shown can be 
obtained, so that the phosphoric acid concentration in sol was higher than this result. 
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[0103]When the tensile strength of the proton conductor obtained in this example was 
investigated, the almost same pace of expansion and tensile strength as what obtained any 
proton conductor in Example 4 were shown. 

[0104]lt continued, these proton conductors were saved in 80 ** and the constant 
temperature/humidity chamber of 80% of relative humidity, and the aging was observed. As a 
result, about the thing of H 3 PO 4 /TEOS>=0.75, the proton conductor swelled and the 

mechanical strength of the proton conductor became that which fell extremely. When change 
was not seen about the thing of H PO /TEOS<=0.5 as for an exterior but the ionic conductivity 

after preservation was further measured to it, the big change about proton conductivity was not 
seen. 

[0105]As mentioned above, according to this invention which sets to H 3 PO 4 /TEOS<=0.5 the 

ratio of TEOS in the sol used when obtaining the silica gel which doped phosphoric acid to 
phosphoric acid. It turned out that high ion conductivity and processability are shown and a 
stable proton conductor is obtained also to the moisture in the atmosphere. 
[0106](Example 7) In this example, the example which replaced with the phosphoric acid used 
in Example 4 as Bronsted acid, and compounded the proton conductor using perchloric acid is 
explained. 

[0107]Pure water and chloride were added to what diluted TEOS with ethanol like Example 1, 
and perchloric acid was added further. It was made for the quantity of TEOS, ethanol, pure 
water, and chloride to be set to 1:8:4:0.05 by a mole ratio at this time. Perchloric acid was 
added so that it might become 20% of weight to the weight of the silica gel which doped the 
perchloric acid considered to generate in this solution, and after 3-hour stirring at a room 
temperature, the silica gel which gelled for 5 hours, finally performed reduced pressure drying 
at 150 ** for 2 hours, and doped perchloric acid was obtained. 

[0108]lf it was as a sulfonation thing of the block copolymer which consists of a conjugated 
diene unit and an aromatic vinyl unit, the sulfonated same butadiene styrene butadiene block 
copolymer as Example 4 was used. The sulfonation thing was added to the silica gel which 
doped the perchloric acid obtained above by the same method as Example 4, and the proton 
conductor was obtained. 

[0109]Thus, as a result of measuring the ionic conductivity of the obtained proton conductor by 

the same method as Example 1, the ionic conductivity in 25 ** showed the value of 2.3x10" 

4 S/cm. The fall of conductivity was not observed also when saved under a drying atmosphere 
like Example 1. 

[01 10]When the tensile strength of the proton conductor obtained in this example was 
investigated, the almost same pace of expansion and tensile strength as what obtained any 
proton conductor in Example 4 were shown. 
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[01 1 1]According to this invention, it turned out that high ion conductivity and processability are 
shown and the proton conductor which does not have the fall of ionic conductivity under a 
drying atmosphere is obtained as mentioned above. 

[01 12](Example 8) In this example, the example which replaced with the phosphoric acid used 
in Example 4 as Bronsted acid, and compounded the proton conductor using the 
phosphotungstic acid (H 3 PW 12 0 4() and29H 2 0) which is one of the phosphoric acid derivatives 

is explained. 

[01 13]The silica gel which doped phosphotungstic acid was compounded by the same method 
as Example 7 except having replaced with perchloric acid and having used phosphotungstic 
acid. However, when adding phosphotungstic acid to the mixed solution of TEOS, ethanol, 
pure water, and chloride, the weight of phosphotungstic acid added like 45% to the weight of 
the silica gel which doped the molybdophosphoric acid considered to generate. 
[01 14]lf it was as a sulfonation thing of the block copolymer which consists of a conjugated 
diene unit and an aromatic vinyl unit, the sulfonated same butadiene styrene butadiene block 
copolymer as Example 4 was used. The sulfonation thing was added to the silica gel which 
doped the phosphotungstic acid obtained above by the same method as Example 4, and the 
proton conductor was obtained. 

[0115]Thus, as a result of measuring the ionic conductivity of the obtained proton conductor by 

the same method as Example 1 , the value of 8.2x1 0" 5 S/cm was shown. The fall of conductivity 
was not observed also when saved under a drying atmosphere like Example 1 . 
[01 16]When the tensile strength of the proton conductor obtained in this example was 
investigated, the almost same pace of expansion and tensile strength as what obtained any 
proton conductor in Example 4 were shown. 

[0117]According to this invention, it turned out that high ion conductivity and processability are 
shown and the proton conductor which does not have the fall of ionic conductivity under a 
drying atmosphere is obtained as mentioned above. 

[0118](Example 9) Except having replaced with the phosphotungstic acid used in Example 8, 
and having used the molybdophosphoric acid (H 3 PMo 12 0 4() and29H 2 0) which is one of the 

phosphoric acid derivatives as Bronsted acid, in this example, The proton conductor was 
compounded by the same method as Example 8, and the ion conductivity was investigated. 
[01 19]As a result, the high value was shown as ionic conductivity became what has a high 
sulfonation rate of polyisoprene, and the ionic conductivity in the room temperature at the time 

of using the polyisoprene whose sulfonation rate is 50% showed the value of 7.3x10 S/cm. 
The fall of conductivity was not observed also when saved under a drying atmosphere like 
Example 4. 

[0120]When the tensile strength of the proton conductor obtained in this example was 
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investigated, the almost same pace of expansion and tensile strength as what obtained any 
proton conductor in Example 4 were shown. 

[0121]According to this invention, it turned out that high ion conductivity and processability are 
shown and the proton conductor which does not have the fall of ionic conductivity under a 
drying atmosphere is obtained as mentioned above. 

[0122](Example 10) In this example, the proton conductor was compounded by the same 
method as Example 2 except having replaced with TEOS used in Example 2, and having used 
silicon isopropoxide as raw material which generates silicon oxide. 

[0123]Thus, as a result of measuring the ionic conductivity of the obtained proton conductor by 
the same method as Example 1, the ionic conductivity in 25 ** showed the value of 9.1x10" 
5 S/cm. The fall of conductivity was not observed also when saved under a drying atmosphere 
like Example 1 . 

[0124]When the tensile strength of the proton conductor obtained in this example was 
investigated, the almost same pace of expansion and tensile strength as what obtained any 
proton conductor in Example 2 were shown. 

[01 25] According to this invention, it turned out that high ion conductivity and processability are 
shown and the proton conductor which does not have the fall of ionic conductivity under a 
drying atmosphere is obtained as mentioned above. 

[0126](Example 11) This example explains the example which constituted the electrochromic 
display device using the proton conductor obtained in Example 4. 

[0127]The tungstic oxide (W0 3 ) thin film was used for the display pole of the electrochromic 

display device. As shown in drawing 3 , the tungstic oxide thin film 3 was formed with electron 
beam evaporation method on the glass substrate 2 which formed the ITO layer 1 in the surface 
with weld slag vacuum deposition as a transparent electrode. 

[0128]The tungstic oxide (H WOJ thin film which doped the proton obtained by the following 
methods was used for the counter electrode. 

[0129]First, the tungstic oxide thin film was formed on the glass substrate which formed the 
ITO electrode like the above-mentioned display pole. Tungstic oxide was used as tungsten 
bronze (H WOJ by immersing this glass substrate into chloroplatinic acid (H PtCI J solution, 

and drying it in a hydrogen air current. 

[0130]The electrolyte layer of the electrochromic display device was formed by the following 
methods. First, the toluene solution of the hydrogenation thing of the butadiene styrene 
butadiene block copolymer of 20% of a sulfonation rate used for the silica gel which doped the 
phosphoric acid obtained in Example 1 in Example 4 was added. This electrolyte layer added 
alumina powder at a rate of 5% by the weight ratio to silica gel, in order to serve also as the 
light reflector of an electrochromic display device and to make it color white. This mixture was 
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kneaded until it became slurry form, and it applied to a thickness of 50 micrometers on the 
surface of the display pole previously obtained with the doctor blade method, and was 
considered as the electrolyte layer. 

[0131]Thus, on the display pole in which the obtained electrolyte layer was formed on the 
surface, the counter electrode obtained previously was put so that an electrolyte layer might be 
covered, and to it, the solvent was further volatilized under decompression. The sectional view 
is shown in drawing 4 . Adhesion closure of the end face was carried out with the ultraviolet 
curing resin 4, and the electrochromic display device was obtained. However, as for 5, in 
drawing 4 , a counter electrode and 7 are electrolyte layers a display pole and 6, and 8 and 9 
are lead terminals. 

[0132]Thus, the voltage of -1 V was impressed to the obtained electrochromic display device 
for 2 seconds to the counter electrode on the display pole, the display pole was colored, and 
the operation cycle test which impresses the voltage of +1 V for 2 seconds, and decolorizes it 
after that was done. As a result, after 10000 cycle progress does not have the fall of 
performance, and coloring and decolorization were able to be performed. 
[0133]By using the proton conductor by this invention as mentioned above showed that an 
electrochromic display device was obtained. 

[0134](Example 12) The example which constituted the acid water matter fuel cell which has 
the section shown by drawing 5 using the proton conductor obtained in Example 4 from this 
example is explained. 

[0135]First, what added the toluene solution of the hydrogenation thing of the butadiene 
styrene butadiene block copolymer of 20% of a sulfonation rate used for the silica gel which 
doped the phosphoric acid obtained in Example 1 in Example 4 is kneaded until it becomes 
slurry form, It applied to 50-micrometer-thick thickness with the doctor blade method on the 
poly ethylene tetrafluoride (PTFE) board. It removed from the back PTFE plate top which 
furthermore volatilized toluene under decompression, and the electrolyte layer for fuel cells 
was obtained. 

[0136]As a gas diffusion electrode, the gas diffusion electrode made from E-Tech (platinum 

holding amount 0.35mg/cm 2 ) was used. Sprayed the toluene solution of the hydrogenation 
thing of the butadiene styrene butadiene block copolymer of 20% of a sulfonation rate used in 
Example 4 which made this gas diffusion electrode distribute the same silica gel as the thing in 
which the above-mentioned electrolyte layer was formed, and it was made to dry under 
decompression, and was considered as the electrode. It faced across the above-mentioned 
electrolyte layer 12 by these electrodes 10 and 11, and the fuel cell consisted of carrying out a 
hotpress at the temperature of 150 **. 

[0137]Thus, the stainless steel block which has the H gas introduction hole 13, the 
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combustion chamber 14, and the H 2 gas discharge hole 15 for the obtained fuel cell as 

drawing 5 showed, It inserted with the stainless steel block with the 0 2 gas introduction hole 

16, the oxygen room 17, and the 0 2 gas discharge hole 18, the whole was fastened with the 

bolting rods 19 and 20 made from electric insulation construction material (FRP), and it was 
considered as the fuel cell for an examination. The drain of H 2 0, 22 negative pole terminals, 

and 23 are positive pole terminals 21 among drawing 5 . 

[0138]To the fuel electrode, the relation between output current and cell voltage was 
investigated at the cell examination through the hydrogen which pressurized 3 atmospheres, 
and the air which pressurized the air pole at 5 atmospheres. The voltage-current curve 
obtained as a result is shown in drawing 6 . 

[0139]lt turned out that cell voltage is maintaining the above voltage of 0.7V also when the 

current of 400 mA/cm 2 is taken out, and the high-output characteristic excellent in the fuel cell 
obtained by this example is shown. 

[0140]As mentioned above, it turned out that the fuel cell of the characteristic excellent in using 
the proton conductor by this invention is obtained. 

[0141]ln the example of this invention, as a sulfonation thing of the copolymer which consists 
of a conjugated diene unit and an aromatic vinyl unit, Although only the example using the 
sulfonated styrene isoprene styrene block copolymer and the sulfonated butadiene styrene 
butadiene block copolymer was explained, It cannot be overemphasized that an effect the 
same as as indicated as an embodiment of the invention, when what sulfonated other 
polymers which did not explain in the example of a styrene isoprene block copolymer etc. is 
used is acquired, This invention is not limited to what mentioned the sulfone group as these 
examples as a polymer which it has in a side chain. 

[0142]ln the example of this invention, although only the thing using phosphoric acid, 
perchloric acid, etc. as Bronsted acid was explained, In addition, it is not limited only to the 
Bronsted acid which it could not be overemphasized that the same effect was acquired, either, 
also when two or more sorts of boric acid, silicic acid, or these Bronsted acid were used, and 
mentioned this invention as these examples as Bronsted acid. 

[01 43] In the example of this invention, although the electrochromic display device and the fuel 
cell were explained as an electrochemical element using a proton conductor, In addition, the 
alkaline battery, pH sensor which use a proton as a reactant ion kind, It is not limited to what it 
could not be overemphasized that the electrochemical element which did not explain could be 
constituted from an example of an electric double layer capacitor etc., either, and mentioned 
this invention as these examples as an electrochemical element. 
[0144] 

[Effect of the lnvention]By obtaining a proton conductor by this invention from the compound 
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which makes silicon oxide and Bronsted acid a subject, and the sulfonation thing of the block 
copolymer which consists of a conjugated diene unit and an aromatic vinyl unit. The proton 
conductor which combines the high ion conductivity which does not fall by a drying 
atmosphere, either, and the outstanding processability was able to be obtained. 
[0145]The highly efficient electrochemical element was able to consist of using the proton 
conductor. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] The figure showing the relation between cooking temperature and the ionic 
conductivity of a proton conductor 

[Drawing 2] The figure showing the relation between the ratio of phosphoric acid to TEOS in 
sol, and the ionic conductivity of a proton conductor 

[Drawing 3] The electrode configuration sectional view of the electrochromic display device in 
one example of this invention 

[Drawing 4] The composition sectional view of the electrochromic display device in one 
example of this invention 

[Drawing 5] The composition sectional view of the acid water matter fuel cell in one example of 
this invention 

[Drawing 6] The figure showing the current/voltage characteristics of the acid water matter fuel 
cell in one example of this invention 
[Description of Notations] 

1 Transparent electrode layer (ITO layer) 

2 Glass substrate 

3 Tungstic oxide thin film 

4 Sealing resin 

5 Display pole 

6 Counter electrode 

7 Electrolyte layer 
8, 9 lead terminals 

10 Fuel electrode 

1 1 Oxygen pole 

12 Electrolyte layer 
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13 H 2 gas introduction hole 

14 Combustion chamber 

15 H 2 gas discharge hole 

16 0 2 gas introduction hole 

17 Oxygen room 

18 0 2 gas discharge hole 

19, 20 bolting rods 

21 H 2 0 drain 

22 Negative pole terminal 

23 Positive pole terminal 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
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[Drawing 2] 
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[Drawing 3] 

,3 



w////////Ammm 



/- 



[Drawing 4] 
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[Drawing 6] 
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[Translation done.] 
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PROTON-CONDUCTIVE BODY AND ELECTROCHEMICAL ELEMENT USING THE 
PROTON-CONDUCTIVE BODY 

PROBLEM TO BE SOLVED: To provide a conductive body excellent in proton conductivity 
and workability, by using a compound mainly composed of silicon oxide and a Bronsted 
acid, and a sulfonate of a block copolymer composed of conjugate diene units and 
aromatic vinyl units. 

SOLUTION: A compound mainly composed of silicon oxide and a Bronsted acid is used 
as an inorganic compound used for a proton-conductive body. An organic compound 
comprising sulfonate as a block copolymer composed of conjugate diene units and 
aromatic vinyl units is used as a binder. Preferably, phosphoric acid or its derivative is 
used as the Bronsted acid added to silicon oxide. The Bronsted acid acts as a donor of 
protons and the silicon oxide has a structure with -OH groups joined to its surface in high 
concentration as end groups. Because protons in the -OH groups perform proton hopping 
motion, high proton conductivity is exhibited. This proton-conductive body is effective as 
electrolyte for electrochemical elements. 
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timitfcnfcmm. m&m-&^2o 6 0 : 20 

OJt^t-y n v 9 &Wi LtzM&^-^FS. 
iif'1 0000 OOtffC**. Z.erfu v?£ffi&ffc£ 
2 0 L . Xf-U- >-«»S3Rgi^S:KtWt: 

X)V-foy\t Vfzxiu* yfomzntz. 
[0072] tJUb^i o t LT»fcx;W*>"ftSii*ffl 
v\ HJte^l 1 k ^Mtroh y»5rfWL, 

izmizj xymmmit. 1 . sxio-< s/c m-c-s 

[0 07 3] itz. Z0>Tuh>&im*1&mbLX 

mMitZ-'J y£i^tifz : rz/-!r-?-ip<zzj\. ioox: 
<msxi Bmm l . %<om * y&mmzmg. ttz 

bZ*>immcrMTimbA,b'mmt*ix%fr^tz. 
[0 0 74]£Lh^J:d(c*»!BfcJ:*fc. 7&^*y 

^r^rn h ymmfcWftt>ti2> z btfhfri iz. 

[0075] ( imm 1 ) imntz&uz. Myxy# 

&b?rmmt:-)U!$.m>t>%& 7n >y ^«-&#WS»M0 
W.-£rt¥<7)x>UTt>y tffl}b Lxm 1 «5t*lfcx;^y 

[0076]^^ yyuyi^Wi, aa^^fit 

*U 000 0 0£0tOfrffl^>t. vlcOT'n-y^fta^ 
x>\s*yftMintz. 

[0077] £Lh<o«t a c Lxntzxtvmyim^m 

V » . 1 k ISI^O^ST'T □ h >-g«f* £ ft* l . 

tC*3ttS-f 2. 5X1 0-6 S/c mXh 

-?fz<. 

[ 0 0 7 s ] 2 tz. zorv h yixMWzmmb ix 

SStitZ.*) y^titZT^-tr—9-^Z^X. 10 0-C 

<r>^s.x'7 &m\mL. zn'ik* xymmmzmmLtz 

b Z *>&Mm<7MTlH3. b ^ b' mmZivfrfr o tz . 
[0079] (it^J 2 ) JtSSofcabt^ SSy'xyf 
ek5?#^ t^Hlffi4»6*4yn v 7#«£ffcJiWO 

m&w<nxfv*yimb Lxm. 1 ^e-c-^t^^y 

[0080] .-K'J >f VTlsym&mi. MM.^m^M 

Wl 00 0 OOOtOSrfflV^. C(307'O-y 

* 2 0 %x)V* yitL. A V7is ymftzxti-* yit L 
tzX)V-fcy\YM*mz. 

[oosi] w±<n£ 0 1 Lxntzxj^y^im^m 
<>\ mm 1 bmrn^mx-ym by&mt¥&imL. 

*<r>4*y&mm*m , }i.Vtz. ^co^n^ixf^ 5*C 
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iztilf&j *>mmffii. 4 . 8X10-5 S/c m-Cfo. 

[0082] itz. d<7)Tn 1- >&Mfai:®Mfflk LX 
EMitZ-'J y^v^xrzfi- tr—^—^zMx. 1 0 0°C 

i: -r ^feg.gtf)flrHite^ mil $*<.ft 

c o o s 3 j mmm 1 -hjsuh js i # jtsspy 1 . hm 



Xfm. 5|o5I0'BJg^rN o . 6C)K^Sr 1 . 0 1 LTtFc 

[0084] 
[i§2] 



No. 












ft V # 




[S/cm] j 


1 




3. 7 


4 . 9 


5. 2xl0- ( 


2 




1 . 5 


1 . 2 


1.1X1 0-4 


3 




5. 5 


5.7 


7, lx|0. t 


4 




2. 1 


2. 8 


1 . 8xi0-! 


5 


Jt®0y 1 


2. 6 


3. 4 


A. 0x10-* 


6 


Jt««-2 


1 . 0 


1-0 


8. 3X1 0-5 



[oo85] &±.<n$&&£ o . mmm2 . jitgm . it 
©1592 Tt#^rn h y^mmt. mmm 1 . ntkM3 , 
asm i x-ft^TD h y&zwx o twiw * yeans 
*5cr^t mmmi. mtmsx^tz 

2 . ^56^94 tufcm i> y <s?gfl£ii. mmm 2 x 0 

^££*r$-£i:j& J ;bj&»*. 

[0086] x>i'*>'imtfm^m.-&fo&m 

Srn >y ?3&d#0AAo*VM£ffit>fc^£]ftVt 
tm&iz^ ^S'xyijL{fcfc35^hx;i^flb&»/i > ft4 

g#if Lfcjfc*>s W * y|*^.>±fc*i§fc ft* 'J yKfc 
#;i£>*i*. 

[0087] J2Lt3>£fc*»&. *fKBlcJ:fti:itkW * 

[0088] (mmm 5 > xmsmta^xtt. w& 

4 *fc TV- VX-f y KS?sr ±* b -fcgttix&iiftA 
[0089] ii\ U y®£ H—7*Ufc^ 0 



(TEOS) £fl§k\ x^y-;H^T'#S?L^. £ 
OD# x TEOStXr?./— ;K7)^Jt«^HtCl : 4 
fcft* J: a izLtz. ZOmmiZiS ^tegfrkSrTEOSt 

jtLTt/wtcs, 3. 6vrt%mmfcm&$:Hc 1 

TEOSt^LT^/Ht'CO. 0 1. f h7Xf/|x7y 
t zi>Af h 7 7;^n-f 1/- h & ^ t < 0 . Olfcft 
hXolztuz.. 5^BHWPLJt. -e-<»5a. 8 5wt%'J 
Vie*?§^$-TEOS : H 3 PO, = l : 0. 5fcft*± 
3JP^. 5&BB^fg4'T*3l^®mfpL^„ Sgt5ffiy* 
Mt L. 60 2 5 0 •C<7)iSST' 2 ^NflAlSK L U yffi. 

[0090] ^yxy#.{ii:^SMb'x^#{i5!,^ft 
*7"n y^^a^-ftco^^^-ft^fc LTt LXii. H 
JSP!I4 fcH tx^y-ftL^r^>-'xyy-x^U>— 

[0091] i o t Lxntl V >-W& K-TLfc 

fiJtT20 : ltft*J:5tL7t„ ^fLoo 
[0092] ^oj: 3 tc VXWzTu h y&mtbfM * 

yimmzmimibmmcoimx'WfeLtc. tots* 

[0093] Z(Dt^M X 0 . JPl^aK** 2 0 OrOT?) 
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5K LT *5 0 . 1m&j&M £ 2 0 0 'C0.T t ■*%> Z t T'iS W ■ 
ZZtftfofr^tz. 

[ 0 0 9 4 ] £7c . #HiSW+T»fc:ru h >&M\k<D 

[00 9 5] <IWahyfSS*^^Jt LT 
EK-ffc" U >-&Hvft£x^-:?-4^A*U 1 0 O'C 
T7BIB«#U %<D&4*>imB.im?ZLtzbZ?> 

i o o xasLhriPSfcJsattf ofc totc-oi vc*4£*« 

3t t <0 % 6 0 'CTiJP^Offl Sr^f -y ti i> <0 to l "»T 

[0096] J^JLh^ J; o V^-^L-Stcfc 
ttfzWHVr4%b /l/-yxf7 HK£±fci:-f &-(k-£ 
^Jn^Sar 1 0 0*CtJLh2 0 OT2J2TR:-$-ft*SMB 

[0097] mtme > ^ststwfcfevvcfct; iwt*- 

OTEOSfcH 3 P0 4 oMiHt£^$^d^l-{4. 5£ 
[00 9S]i^\ 'J^KSrK-TLJt^U^yyUSrJa 

ess^st t Lxt4 , ustw 1 1 mmtzr- h 7i h * isis 

VV (TEOS) Zm^K X^y-yHTCftRLfc. Z 
<nm. TEOSfcx^y-;U^^ib{i^;WJtT'l :4 
t =5r& 4 3 Ut „ <T <9$ft(c $ t^*Sr TEOSfc 
ttLT^MfrCS. 3. 6wt%f£l?7jqS?££HC l # 
TEOSfcftLT^kfctrCO. 0 1 » -r 1^7Xf;l,7>' 
t^ATh77/Wtfu#l^h£l§lt<0. 0 1i:3r 

hx-j tzMz. , 5 #r«f L^r. -eon. 8 5 w t % 'J 

^TK^MartEOS : H 3 P0 4 = 1 : 0. 2~1. 0 

ttc&Xotot. mmmm^x'smrsmwLtz. mmz 
[0099] mk°J*>mkt3m&v->vimfrt>% 

Z>ya v7*m&{k<VXJl>*y{mb LX b LT<4 . m 

[0100] J3LL*> J: d tc LTtofc »J yWlz: F-7Lfc 

mif Lfc. fc/SU U # 7>i>t X)V* y\m<7>$kifm. . 
fiJtt-2 0 : 1 btc&XolzLt:. mmz. imL^ 

[0101] z\<r>£ 0 iz LX%tc.ya h yWMfo<?>4 * 



u % ttiv* # & mzm v^tfoT e o s t »j ym> 
it ( h 3 p o 4 / T eos) <7)tm&&c?Jm®zm 2 iz^ 
■r. 

[0102] Zcr^MX 0 . V/l yfflVMm^ 
1 0 1 0 3 ] 4fc. *SBtW+-C»fcro h ^fS««£<7) 

[0104] o^v^t . ^it4>oro h ymmfots 0 
•c, «w»«8o%<ofiiaeaHf4'-cfiK(!FL. *<&an* 

3Wkt»KLfc. *^>8», H 5 PO,/TEOSS0. 

h y^^^tatAmUUWtcffiT Lit fc 3r-> 
7c. -e^tStLT. H 3 PO»/TEOSgO. 50t,0 

tz-?^XimWL±.i>$ziWJLhix-f. $ ^(c«#no-f 
[0105] &±e>£ olz. V ym% V-TLtzi/V ii 

yfo&m mizm^tzY>\s*<r)T eos^j yw<?>ti& 

H 3 PO,/TEOSg0. 5t?&*mUz£&t*& 
tz. 

[0106] {mmi ) ^mmmtzts^xa. zrv- 
«Btt*ffiv^ra h ywm*isj8i. ttzmiz^xmm 
[o 1 07] mmmi tmniz. teos^/-/i- 

Jn£7c„ d«oi^. TEOSix^y-zK M*. m®?o 
M{4. ^E/WifC'l : 8 : 4 : 0. 0 5 fc#i> J: d 

TLizi/VX'fjvcm.mzn L2 o%<oaat=5:s 4 a 
[oios] m%it^ym&t^mw&->v&&frt>% 

Zzra>y7^&fa<oxjl>*yfcm}iLXbLXl3.. M 
MWAtm tzjisTb y-ft Ltz i?x.y-x+u y- y 
9 zSx.yyu >/ 7 m^fz. JJBTttfciWBIf 

X)V* >4k2m* M*. . 7n h >^^Sr#^ . 
[ o i o ^9 ] z<?>£ o iz lxWztu h yimikv>4 is 

y&mm&mtmi hmm^mxm^Ltz^m. 1 5 

•CTtfM * ym&mi 2. 3XlO"'S/c m<7)jl2r^ 
L7c. 4 7c $ tcHM^I 1 i: l^t=9ai»ffl«-rc»# 
L7c*^ t f£^«OffiT{4MlI$i-L55:A>^7 v : . 
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[oi io] ^aatw+TuwrTD h ymmfcn 
hmmm 4 <jd t imm twxsm. 1 3 1 ~> w, 0 sag 

[0111-] JSLL^J: 3 tc*»W(c J:* t . *v W *y 
[0 1 1 2] (HJ£0!|8) 3**St«(C*JV^Ttt. yu- 

->isf§^#f3 — STf^^y-^^^-x^ig-f-Hy-p-w — 
iAo-29H 2 o) *Jfl^:roh>fijWi*£-£jfcUfc 

[0 1133 

wmmm7 tmme>ij8?c&j8.Lti. h$£'l> teo 

[01143 *fik^x>J|t(arfc3fSi|jt^;Hl{a»»jt,* 
•S rn -y ?$m&#;(?)X)U* yftM t LXt LXli* H 

jtePN t r t >rt Lfc ^jcy - v y - y 

> ^ fvS^K-rUy'J^ y/Wfc: , HM084 i: PI 

[01 153 ^idici/cfcfcTroh^fiawfcri-r* 
yfi***satw 1 1 mmniffirmm ttzmm. s . 

2xi 0-5S/cm<DtfI£>rcL*:. 4fcS.<>(cStttWl 

[01163 *mmm*Ti&tz7xiv>&mw<7) 

i>*»ICT 4 tot { Jfi'R t t 31 -53S 0 
ir^kLtz. 

[01171 V±<7)£ 3 & . jj-y 

tz. 

[0 1 181 (Hfi&0l9 ) *Hi6Mk:*5^-Cii. 7U- 
>*rr >y KKh LTSt*tW8Tfl!v>fc 'J y*y?X*ry 

(H 3 PMo 12 O 40 - 2 9H 2 0) *JlVVfe£(fti±. ^te 

[0119] -i *ymmmit#v ■< vrvy 
&v>m.%i-w( it ymmmu 7. 3 x 1 0 -» s/ c m o 



*sr* l/s . 4 ^ $ ^ (cum^ 4 1 mmiznm&w&T 

[ 0 1 2 0 1 ttz, -^mm^xnizTu v ymmfaco 

i> mmm4 x-nt: i> <?> t imm twr/m t §1 ->m. 0 m& 

[0121] ixtm 0 t,z*wnt,z£ %> t , nw.^y 
fim&bimJM*mL. mmm%Txi>4 *y&&m 

tz. 

—i-o-i-^-^-mtm^o&^mmiizt^xn-;-mit 
?jm££.f&i-&mttmt Lxmmm2xm^tzTEo 

StzfttXisO n yj V7°n*dr^ HSrfflV ^fctWi, 
[01231 ZCOXoiZ LT#/c7D h- y&MfoOA it 

>&mig.zmmi tmmcttmxmfeLtzm$k. 25 

*CT'<?M ^-y^^ii 9 . IXIO- 5 S/cm«iw 
[ 0 1 2 4 ] 4*. #^Mif0|4'T'#fc7-n h > mg fccr> 

tmmm2T&fzi><7)kimmti&tsmt5\-omK)M 

[0125] ULhcoJ: d J; S fc . it t W ^-^ 

<s#tt i: ipxtt*^ l . mmm%Tx t -< ^ y^jg 

tz. 

[01261 (mam 1 1 > ^M^jT-ti. na««4T 
m^zmfc Ltzmtz^ximzuo . 

teSHfc* yyx^fy ( wo 3 ) ^JKSrffl^fc. H3 (c^ 

-r J: a 5mm&t lx i to® i ?mm& 
iz£*)mmizmf&Ltitf7XMffi.2±.tz, m\tsyyx 

[oi28] ziz, nmx&xrn-xmxntzTv v y 
zv—yvtzmtfyrxry ( h x wo 3 > mmzm^ 

tz. 

1 0 12 9 tbt: iffltsmmz mtftz :rn5n?""" 
tz. c\<7)t!7xm&mt&±m (H 2 ptc i 6 > *m 

J5*«IiSL. 7km%ffi*xmm%ithZtlzJ:t). M 
fcfyyx.T-yZfyfXT-yy'xDyX (h^Os) t 
Ltz. 

[0130] lU^hn^nS y ^^m^^WSM 
l&JTcoUmX'Bf&Ltc. MMMlX&tzVyM 

■itm 2Q%<r>y^ i Jx.y-xf-vy-f-9-j^y-fvx y 
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^ y * y/i izMtxm&itx s %<nM&x-tuz.tz. 

U- vmizj: *) ftlzfflz&ijk&comwiz 5 OumaMZ 

i o i 3 1 ] z<7)£ iKLxwMmm&'mmtzi&iL 

04 £5c$\ $ & fc . Sgp$-^^^blSDi4 

itU xu^o^o 5 tzt£L. 

CO 1 32] d^J;5t;LTf#7txU^ ho?n$ y? 

MLm^mZ^&L. 1 v<75f£HE£ 2#|BHMn 

Uff&r&ffittlM 9)Vm&ft->1z. r^ft, 1 0 

[0133] fcLhtf) i 3 fc*5MBC-J: STnh 

[0134] mtm 1 2 > ^mmmx'ii, m^m4x 

[0135] t-r. HJIS091 TWfcU F-TLfc 
'isV*l¥tV£., mtMM4X'ffl^izX)Ufty-i\&2 0%<7) 
79 y'iy-^fl/y-^ yxy^D •/ 
7m®i<7) bJU^ymmzriQx.tzhco^^ 'J — 
*TSKU jK'J 4 7 -yfttf-Uy ( PTFE ) ^±(C 

fc. £4.£M£TT'b/>xy£«?6£-ii:*:f£PTFE;fg 

[0 13 6] ^XSSifcmgfcLTtiE-TechttS^ 
tfXjfclftmffi ( a^it^fiO . 3 5mg/c m* ) . 

* 2 0 %«0 /^yiy-7fl/y-^yi >-7" 
TTIS^-itm^fc Liz. ZftW® 10.11 X±Hc?) 

mmnmi 2a-{i$^. i s oxwimmx-kv Y7V7 
~t& z t ximmmzim Ltz\ 

tzi o CH 2 #X#ATL 1 3 . TOM 1 4 . H 2 ^gfai 
ftl 5^^xr->^xyu^9t. OitfxmXHl 
6.1iI17, 0 2 #*^aj?Ll SSt&oXt^U* 
7*D.y^i:tii*A. £tt£ttSU&MH±ttft (FRP) 
©0^<6#ftn>y H 1 9 . 2 0 . l^mffl^TOm 
Mb Ltz. ^fcH5tf. 2 1ttH 2 O<0HH 2 2 
ft 86*^ 2 3{*IE«gS&ye£>£. 
[0 1 3 8] ttfflRIfcett. TOfi5Cti3Si,ElCjnffL 



-mSl*^arll6^-r, 

[0 139] 400TriA/cir.2^)mSS^]RDtiJL^ 

^MMtcJ: v&btitzmmmtfm.Ktz&£Jimi£7K 

■tZttffr fritz. 

[0140] JSLh^ i 3 (c. J: -STo h yfe^ 

b&tofriiz. 

[0 1 4 1 ] £41. aWWBOH»Wk:*SV>T«. *f£^ 
xy# fit t-A#{Sfci(»^**#ai^«a^^/U3ls 

xfl/y/n y ? }m-£fo. x/P* >it Liz 79 i^'x y 
-z+vy-7? y'xy/o v/ ?rat*f*£Jllv*:0f£ 

^x^mm&rt^ tz-hK minmmvBmt Lxm 

* Ltz i> mm ->tzi%& i> mmmmtfm t>i\& z. 
bi±\,ii£X'i>%< . *wm±*)v-fc ymzmmizft-j 
m-kwt ix zti^mmmtfzmffz hmzmizzixz t> 

[0142] tiz. xmicommmizii^xte. ru- 

^x«y KKk UT'J y®L i«B«iWr4ftffl^3t:fcO 
^ ^ii^ii ^^ri^- yxf y KR^flBRIlfflv^*^- 
Ii/i/-y^f7 h'fe'k LXZtit.mffiMlzmftzzn' 
[ 0 1 4 3 ] £ iz. ^mtomttiMtzti^xli* rn h 

yismfozm^tzw^it^mTt tx. x^^ ho^o 
pH-feyt-. m%z.mm ? y? y*r% t'nmmwxii 

mWZftbtt^izW&fcT%7 L Zffi®.-th Zt&TZ 

znbmmm&mftziiViimmzti&^cDX'ii.*^. 

[0144] 

^#^t'x;wm<i*^^-l>7*n-y ?*m&ft<D7>\s*y 

imx *)Tnh ymmfo&nz z b x\ mk^m^x-h 
&TL*^mw*ymm&b. rnitzmx&zm?ffi 

lfz7n b y&mfoi&h Z b ifiX'% tz. 
[0.14 5] £iz. f(0/ohy^Mffll^:t 

■c. *tae*««f ta*3R^*aw5-t * £ b ^t-# tz . 

[HI ] 3WRffl*4:rnhy«Btfl^)-f *y«WS^)jl8 

[02] y/w«f<oTEoste*t^syyffiw>jtfcroh 
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[H4 3 *fM8tf)— HJfefWcfcft&xU'? ho?o5 y 



7 mam 

10 

1 1 



2 #:7*ffl£ 

3 if^^nfvii 

4 #ik«IJ8- 
6 i*ffij 



12 ttffttJI 

1 3 HstfA&XIL 

14 Ml 

15 H t /r^«HBL 

1 6 0 2 ^#A?L 
1 7 



-18 o 2 //x 3 frast- — 

19, 2 0 »#»tQ7 h* 
21 H 2 OKl^>fy 
2 2 

2 3 IEBS*s7 



[Si] 



[H23 



tH5] 



1 iff* 
ft ">*' 

[s/cm] 



o fi 
[S/cm] 



SO IOO 150 200 250 

in sfe ul m ra 



io-' 



0.2 0.4 ' Oj6 Q8 

H 3 P0 4 /TE0S 



to 15 




[13] 



[04] 



[06] 



/ 3 



5 



9 



\ EH, 



1.1- 

1.0 
03- 
0.8- 
0.7 
0J5 
OS 

CVJ Q2 

o.i- 

0.0- 



O o 



O 100 ' 200 300 ' 400 500 60O 
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